Introduction
The explosive growth of mobile services over the last two decades has changed mobile communications from a struggling niche market to a fundamental constituent of the global telecommunication industry. In some countries such as Finland, Taiwan, and Hong Kong, the 80% penetration level has been surpassed 1]. However, despite the high adoption rate, mobile technology is still relatively young 2]. The first mobile commercial service offered in Japan in 1979 failed. However a later initiative launched in Nordic countries in 1981 became a huge success globally, which demonstrates the viability and the demand for a mobile infrastructures 2]. This paper introduces the concept of a convergent mobile infrastructure as the future for the mobile telecommunication industry; a convergent mobile infrastructure is constituted of various wireless infrastructures, joined up to create a seamless mobile infrastructure, each with its own unique features becoming a pervasive element of modern society. There are significant benefits that can be realized from converging disparate mobile communication network technologies into a seamless service. Technologies such as fixed telecommunication, wireless fidelity (WiFi) networks, Global System for Mobile Communications (GSM) networks and space technologies are slowly being integrated to create the concept of a convergent mobile infrastructure. Currently, the full potentials of communication networks are not being realized due to a lack of technical and economical integration of the various network technologies. This paper aims to use the business model concept to encourage the technological foresight of a convergent mobile infrastructure. The current business models exhibited by various telecommunication providers are focused on competition, ignoring the huge potential that can be achieved by convergence and co-operation. This problem is inherent in the business models created independently by various actors. There is no consideration for convergence opportunities. Most of the network providers, such as fixed, satellite and mobile network providers that provide communication technologies, are often competing in the same space rather than concentrating on their core capabilities and cooperating to generate sustainable business models in the current harsh economic environment. This paper argues that the approach by which technical system builders (those who design and overcome technical challenges) and entrepreneurs (those who solve the challenge of how to sell innovative services in the new market place) cooperate during the development of wireless networks will make a difference in the diffusion of the innovation and ability of the innovation to survive. Using the business model concept to outline technical actors, pricing models, and technical capabilities provides the vision to design and build the wireless infrastructure with the option to link into similar and indirectly competing technological infrastructures.
The literature offers various explanations for deriving business models on mobile networks in an ineffective manner, due to the evolution of the mobile value chain and market structure outpacing the research 3]. This paper aims to address this confusion by providing an integrated view of the evolving convergent mobile markets, and uses the mobile business model framework to identify market actors in order to encourage the business actors to deliver on the full potential of a convergent mobile infrastructure, which incorporates space technologies.
The paper is structured as follows. The first section provides an overview of the business model literature followed by a discussion on the business model framework presented in this paper. The next section introduces the concept of a mobile convergent infrastructure and uses the business model framework to illustrate how a convergent mobile infrastructure can be used to provide access to services and applications to a user roaming between multiple networks. A brief conclusion provides a summation of the arguments and concepts presented in this paper.
Background: Creating Innovative Business Models
It is well recognized that introduction of an innovation may affect the diffusion process of another innovation, provided the two are adequately interrelated by function or application [4] [5] [6] . Some diffusion models for complementary innovations anticipate a direct interdependency between the innovations 5], such as the relationship between computing hardware and software. In contrast, the focus of this paper is on a technological relationship of a different nature, specifically the tendency of a wireless network innovation (such as GSM) to accelerate the diffusion of another competing wireless infrastructure (such as WIFI). This is likely to be achieved by co-operation rather than competition. This paper presents a conceptual business model framework to illustrate how co-operation between competing wireless network architectures encourages the diffusion of a convergent infrastructure by creating a joint-up telecommunication environment.
All actors in the telecommunication arena need to explore new revenue generating opportunities to increase their market share and sustain their competitive advantage. Although this paper describes the implementation of futuristic new business models, the key enabling factor for the success is not the advancement of the technology, but the convergence of existing technologies and ideas. Similar to mobile commerce business models 3, 7-10], successful mobile convergence business models are likely to be the ones that address the economic peculiarities of mobile systems. These peculiarities include mobility, precision positioning, network effects, broadcasting and communication in a flexible manner.
This paper proposes the use of a business model framework for the creation of innovative business model by analyzing the existing actors' technical capabilities, portfolios, strengths and competencies and adapting their current business models to harness the full possibilities for new revenues and market share. 
Developing a Business Model Framework to Generate Viable Convergent Services
The literature offers various, explanations for business models on mobile networks in a disconcerted manner. The evolution of the mobile wireless value chain and the market structure has outpaced research 3]. The aim of the framework presented in this section and illustrated in Figure 1 , is to encourage the business actors and policy makers to deliver on the full potential of local mobile networks (WiFi) space technologies in mobile environments, by providing new ways of thinking about creating innovative business propositions. All actors operating in the mobile and satellite arena need to explore new revenue generating opportunities to increase their market share and sustain their competitive advantage. This section provides an integrated view of the evolving mobile and satellite value chain, and uses the business model framework to identify market actors that have developed alliances to offer mobile applications and services.
Using Alliances to Achieve Competency
The first element of the framework requires the identification of all the potential actors along with the role they will be expected to perform in order to contribute to the creation of a viable business proposition. Some organizations may incorporate one or more business roles, such as network operator, content aggregator and content provider 13], but, generally, the typical set of actors involved are illustrated in Figure 1 . 
Mobile Convergent Reference Model
An important element in research of mobile computing is the production of a reference model 22] . Using a reference model in the definition of the business model allows for a consistent discussion of the potential initiatives attributes and features. It structures the discussion in a way that characterises the view of the system as seen by the user and the view of the user as seen by the system. The dimensions of this reference model 23] include the following layers: Application layer, Program layer, Network layer and Device layer. The purpose of the reference model was to provide the ability to describe, with consistency, each proposition from both a business and technical perspective.
Device Layer
The device layer is the first layer of the reference model, all interactions with the voice or data services are through this interface. This layer deals with the issues such as the user interface, navigation and device software. Some example devices are:
Voice Centric (VC) devices: The primary purpose of these devices are voice services, they may also have radio or music players.
Smartphones: These devices have voice, data along with Personal Information Management (PIM) capabilities. The screens are usually larger than voice devices. Personal Digital assistants (PDA): These devices are similar to smartphones with easier input for data, more storage, and larger screens. Data card: These are used to connect a laptop to a mobile network at varying speeds dependant on network availability.
Network layer
The second layer of the reference model is the transmission backbone involved in communications, including transportation, transmission and switching for voice and data. The GSM 2.5G,3G, satellite and WiFi networks have the bandwidth to support wireless data applications and provide mobile internet access. This is fuelling the demand for innovative mobile internet data applications and services.
Program Layer
This layer deals with the issues of security, business logic, systems logic, data management issues and integration of the devices from the applications.
Payment Layer
This layer describes the payment model to be applied for the service. The method for collecting the payment from the subscriber should be explicitly stated when defining the proposition by all parties to allow the revenue share model to be agreed 14]. This layer will feed into the financial part of the framework. Examples of payment models include: terminating short message service, subscription, premium short code, pre payment model and event billing.
Application Layer
In today's environment of wireless applications systems most of a system's components are acquired ready to be installed via systems configuration. The applications layer represents the explanation of what services will be available to the user.
Complexity: Co-ordination and Integration Management
The portion of the framework concentrates on describing the complexity of the innovation required to fulfill the initiative. This task is very subjective and only provides an indication of what needs to be done on a technical level. The next element in the framework asks the business owners to consider how the work should be co-ordinated and managed. Using the technological infrastructure to provide business value, sustain competitive advantage and enable novel and adaptive organizational forms is well recognized by practitioners and academics 24]. The management of end-to-end processes for acquiring suitable products and partners and identification of the skills and competencies that are required is the role of the lead firm in the value chain. The co-ordination of the various actors means the broker in the chain must have a full view of all the activities performed by the independent actors. For example, a location sensing application can potentially incorporate the following actors: mobile network infrastructure, content providers, content developers, content aggregators, hosting providers and application platforms. The role of a broker in the value chain is a colossal task, which is normally carried on by the actor responsible for managing the customer relationship.
Financial and Billing Considerations
The commercial element of the framework is formulated by defining the value proposition of the business initiative. Using the business model framework described above, the following section will demonstrate how the use of business model framework can aid the visualization and definition of a viable business proposition.
The Vision of a Convergent Mobile Infrastructure
This section will describe how various telecommunication networks are converging to create an environment described by this paper as a GSM Mobile communications are largely metropolitan-based while satellite broadband services that extend beyond the reach of urban centers of population offer a celestial extension to terrestrial networks. Therefore, the integration of space technologies with mobile communications technologies encourages the overlapping and ubiquitous use of computer systems, satellite network infrastructure and mobile network infrastructure. The converged technology has the potential to deliver meaningful digital content in any of the following formats: communications, broadcasting or information technology.
The key technical challenge to enable the convergence of multiple networks and services is Internet Protocol (IP) technology, and the support for quality of service (QoS). The main technical challenge is not how to combine heterogeneous data links, but how to sustain seamless QoS signaling along with end-to-end support for the service or application. From a nontechnical perspective, the challenge is how to support billing and care activities when a customer is roaming over different networks and crossing borders. The scenario below provides an illustration to highlight the required customer service and the difficulties that operators will face from an operational, security and billing perspective.
Mobile Convergence Infrastructure Research Challenges
The diagram in Figure 3 , illustrates the day of a working executive called Bob. During the course of the day, Bob works in his office in the morning, accessing files on the Internet and office Intranet; also running an application that is downloading information from an Internet site. At lunchtime, he begins his long journey home for the weekend, but continues to download the application on the journey. There is currently the technical competence available to seamlessly integrate all forms of wireline and wireless networks and media as illustrated in Figure 3 . This will allow access to an array of information from anywhere in the world at any time.
While Bob works in the office, the connection to the systems will be via the corporate infrastructure, which could consist of wireless networking technologies such as Wireless Local Area Network (WLAN); these networks pose technical restrictions that make them unavailable when roaming out of an area. The advantage to these networks is that they are cost effective. To free the user from location restrictions, the device must be fitted with multiple networks adaptors 29].
Once Bob leaves the office, the mobile device will latch on to the enhanced GSM networks or the third generation network. These advanced technological applications are called 2.5G technologies and include networks such as General Packet Radio Service and Enhanced Data rates for GSM Evolution (EDGE). These networks provide functionality such as: 'alwayson', higher capacity, Internet-based content and packet-based data services enabling services such as color Internet browsing, e-mail on the move, visual communications, multimedia messages and location-based services. They allow access to non voice services 3 times faster than a standard 2 nd generation network, which means subscribers are able to send and receive data from their portable computers at a speed of up to 28.8 kbps; this is currently being upgraded in many networks to rates of and up to 43.2 kbps.
On arrival to the train station the system would hand-over to 'In train' or 'On Platform' Mobile Internet service. An example of a railway station mobile Internet infrastructure is the system being tested by the UK Train Operator GNER. The technical solution includes satellite downlinks, multiple cellular uplinks running in parallel, a GPS receiver to track position and an onboard management server. The service scans for the best cellular signal and creates as many GPRS links as necessary to deliver broadband speeds between 100-500Kbps, to end-users.
On arrival at the airport, Bob's device would automatically attach to the wireless local area network (WLAN) he subscribes to via his service provider and this service will continue until his flight takes off. Currently, WLAN hotspots are present at airports, hotels, university campuses and other transit locations where people require wireless access to the Internet or remote access to their company networks. An increasing number of end-user devices are equipped with multiple hardware interfaces for different network technologies such as WLAN and GSM/GPRS. The main commercial challenge is the functionality to enable switching of end-user devices between these different network technologies. This is technically feasible, but at the time of this paper, it was not commercially available for the various operators. Another challenge is to maintain context-aware (enabling) services, such as route planning and scheduling services, and their quality provided to the end-users while they are roaming between hotspots and mobile networks and vice versa 29].
An additional commercial challenge is how to roam between different network technologies from different providers with a single service contract. The business models that will emerge would ask the following questions, i.e. which roles will emerge, which party will play which role and how will tariff structures and the distribution of risks, investments, costs and revenues 30] . However, Wifi's strengths lie in its vastly superior speeds, over five mbps, compared with 9 kbps to 28 kbps on GPRS, or 64 kbps to 384 kbps on UMTS, and accompanying cheaper data volume costs. Hourly WiFi prices in Europe vary from 2.50 to 10 per hour for unlimited data volume. GPRS tariffs typically cost 1 to 3 per Mb of data. When both networks are available for a user, the revenue model will need to be integrated with the technical capabilities to ensure that a user is on the best network, from a price and bandwidth perspective.
When Bob takes to the sky, the In-flight system provides Bob with the access to office systems and the Internet. The technical complexity to deliver In-flight mobile data services is not as far-fetched as it seems, the challenge is for the creation of viable business models. Imrasat, the global mobile satellite communications provider 31], has already implemented the In-flight Passenger Entertainment and Communications systems (IPEC). The Imrasat Swift64 service is commercial availability, the service gives aircraft passengers the ability to access Internet-based applications such as email, video streaming and file transfer whilst in the air at ISDN speeds of 64kbits/s. Currently, up to 80 percent of modern long haul commercial aircraft and over 1,000 corporate jets already have the Imrasat satellite communications antenna infrastructure needed to carry Swift64 services. The platform uses existing aircraft antennas and satellite communication avionics.
At the end of the flight Bob continues his journey home in his car via remote routes and the GSM (2.5/3G) mobile network is supplemented with coverage via satellite networks. One of the key enablers of the mobile convergent Infrastructure is the use of space technologies with mobile devices. Some organizations consider that space infrastructure will become a key enabling factor for a convergent global mobile telecommunication infrastructure 28, 32, 33] . A growing range of mobile products and services currently in use today or under development will incorporate space technology such as voice services, radio, broadband internet services, navigation, and observation systems and gravitational research. The current trend of developing business models for applications and services does not go far enough to investigate generic business models for mobile applications and services that are network independent and which incorporate space technology.
Once Bob arrives home, his fixed line broadband operator will provide access to the Internet. If Bob lived in a remote area, then the broadband access could be provided by the satellite service provider as illustrated in business model presented in the next section.
Convergent Mobile Infrastructure Business Models
If the Universal Mobile Telecommunications Service (UMTS) is to live up to its name and achieve a true 'universal' status, more consideration and effort is required to instigate a program to integrate UMTS with space technologies such as satellite communication capabilities and global positioning techniques. Universal mobile satellite systems are touted as the ultimate solution to the problem of covering large areas economically, and serving widely scattered or remote rural customers in both developing and developed countries 34]. For this to happen from a technical basis the satellite component must be integrated with the UMTS to create a more integrated and advanced Mobile Broadband System (MBS) capable of 2mbs. UMTS was designed such that it could be easily integrated into existing 2.5G, 3G and other GSM networks. The mobile broadband communications systems must be capable of the different mobility requirements ranging from stationary (for wireless local loops) to quasistationary (outdoor, office, and industrial environments). From a commercial perspective, there needs to be an introduction of innovative business models, which support revenue share partnerships and joint ventures.
The scenario created by Bob's journey home will lead to the development of new business models as illustrated in Table 1 . There are four new business models that can be identified in the diagram such as:
Transit Corporate Business Model, providing access to mobile office applications, downloading files and video conferencing functionality while the user is traveling (air, land or sea).
Transit Leisure Business Model, Streaming video, online games, news and multimedia content for the traveler.
Satellite Broadband Delivering broadband services to remote users using a combination of satellite and GSM technology.
Data & Voice Convergent
Model, Allowing voice and data services to be handed over to appropriate networks such as GSM, GPRS and Satellite depending on the task being performed, network availability, agreements between operators and the associated costs to the user. This model is described further in Table 1 below.
For the realization of the convergent model described in Table 1 , there are some fundamental challenges that need to be addressed. There will be a need for new interfaces between organizations such as content providers and service providers to exchange relevant charging information. This is not completely new as operator and service providers currently exchange billing data. However, there will be the need for new charging protocol for the availability and exchange of real-time (rather than batch-oriented) charging and authorization information. Charging information has to be available from the network elements or from the application servers through to the billing system. There are currently applications that perform this task, but Revenue will be generated from the providing complimentary services to mobile subscriber user. The revenue will be collected from the customer by the mobile operator / service provider.
Revenue is earned from user subscriptions and traffic agreements with other ISPs and operators. Currently the Telco centric model divides propositions at a high level into pre-paid and post-paid services. This model will need to change, allowing service transactions to be managed in real-time or near real-time, in order to control expenditure and eliminate credit risk especially due to potential of ubiquitous roaming. Billing and collections will ultimately become a single role within the business environment, handling the account balance for end customers regardless of whether the account happens to be pre-paid or post-paid, there are considerable challenges to be defined around the settlements and interconnection charging.
Customer Satisfaction
The minimal loss of service when hand-off occurs. Being informed of the charging differential when moving from WiFi> mobile -> satellite if it likely to vary significantly, with the option to suspend the session No loss of data during the network changeover. Clear and concise charging rules as opposed to the current bytes model. 
Conclusion
This paper presented a vision of the future of mobile communication, which is a convergence of mobile, fixed and satellite technologies to create a truly convergent mobile infrastructure. The environment creates new business opportunities, which can be realized by using appropriate business modeling techniques to identify viable propositions.
The vision of a mobile convergent infrastructure is simultaneously a social and technical concept in that the success of the technology depends both on understanding how the system can be built (how the disparate wireless networks can be integrated to harness the technological potential). The social aspect deals with how to make the proposition attractive to new customers (creating viable business models beneficial to the various business actors and customers). This paper argues that using the concept of the business model apportions the focus on both technical and social positions, allowing innovators to establish a 'technological regime' (Nelson, 1994) that proceeds along particular lines of diffusion that reflect both what technologists understand they can likely achieve, and what entrepreneurs believe customers will buy. This paper argues that the co-operation between technical system builders (designers that overcome technical challenges) and entrepreneurs (who solve the challenge of how to sell innovative services in the new market place) is critical for the ability of a network innovation to survive. In order to successfully create a convergent mobile infrastructure, co-operation rather than competition is required between the various types of network providers. The various actors who collaborate in creating a convergent mobile infrastructure will make a difference to the diffusion of the innovation of individual mobile networks as well as the resulting joined-up network.
Using the business model concept to model actors, partnerships, pricing, and technical components of a convergent environment provides the foresight and vision to design and build the wireless infrastructure with the options to link into similar and indirectly competing technological infrastructures. A concerted effort is required in the research and development arena to achieve the convergence of telecommunication network integration, incorporating local networks (WiFi, Bluetooth), satellite networks, GSM 2.5, 3G and fixed line networks. It would be highly unrealistic to assume that every type of communication technology can be integrated, but as long as each scenario such as urban stationary, urban motion, maritime, air, and rural is covered, the global communication infrastructure vision is achievable.
Further work is required to define and develop common service standards with consistent transmission parameters and a radio interface between satellite and terrestrial implementations, along with the billing and roaming capabilities. However, the most important factor will be the increase in co-operation between the operators and the definition of viable business models. This paper has described a structured approach to business model development in the mobilesatellite communication sector, which may be used to aid policy makers and network operators develop innovative business models.
